Background: Trauma activation for prehospital hypotension in blunt trauma is controversial. Some patients subsequently arrive at the trauma center normotensive, but they can still have life-threatening injuries. Admission base deficit (BD) Յ Ϫ6 correlates with injury severity, transfusion requirement, and mortality. Can admission BD be used to discriminate those severely injured patients who arrive normotensive but "crump," (i.e., become hypotensive again) in the Emergency Department? The purpose is to determine whether admission BD Ͻ Ϫ6 discriminates patients at risk for future bouts of unexpected hypotension during evaluation. Methods: Retrospective chart review was performed on all blunt trauma admissions at a Level I trauma center from August 2002 through July 2007. Hypotension was defined as a systolic blood pressure Յ90 mm Hg. Patients who were hypotensive in the field but normotensive upon arrival in the emergency department (ED) were included. Age, gender, injury severe score, arterial blood gas analysis, results of focused abdominal sonogram for trauma (FAST), computed tomography, intravenous fluid administration, blood transfusions, and the presence of repeat bouts of hypotension were noted. Patients were stratified by BD Յ Ϫ6 or Ն Ϫ5. Statistical analysis was performed using paired t test, 2 , and logistic regression analysis with significance attributed to p Ͻ 0.05. Results: During the 5-year period, 231 blunt trauma patients had hypotension in the field with subsequent normotension on admission to the ED. Of these, 189 patients had admission BD data recorded. Patients with a BD Յ Ϫ6 were significantly more likely to have repeat hypotension (78% vs. 30%, p Ͻ 0.001). Overall mortality was 13% (24 of 189), but patients with repeat hypotension had greater mortality (24% vs. 5%, p Ͻ 0.003). Conclusion: Blunt trauma patients with repeat episodes of hypotension have significantly greater mortality. Patients with transient field hypotension and a BD Յ Ϫ6 are more than twice as likely to have repeat hypotension (crump). This study reinforces the need for early arterial blood gases and trauma team involvement in the evaluation of these patients. Patients with BD Յ Ϫ6 should have early invasive monitoring, liberal use of repeat FAST exams, and careful resuscitation before computed tomography scanning. Surgeons should have a low threshold for taking such patients to the operating room.
H ypotension in the field after blunt trauma is itself a criterion for transport to a trauma center, but trauma team activation for this prehospital hypotension can be controversial. 1 Prehospital hypotension can be a predictor of mortality as well as the need for emergent therapeutic operation in trauma patients. [2] [3] [4] [5] Blunt trauma patients who remain hypotensive upon arrival to the emergency department (ED) are promptly and continuously evaluated. The patients who are transiently hypotensive in the field but normotensive upon arrival to the ED present a special problem in that they can have repeat hypotension or can "crump," at an inopportune time, e.g., in the computed tomography (CT) scanner, radiology, etc. A means to discriminate those patients at risk for dangerous, repeat hypotension has not been identified.
One of the first signs of inadequate tissue perfusion and oxygen delivery is tissue acidosis. 6, 7 There are several markers that have been used for evaluating global perfusion and the degree of acidosis in trauma: serum pH, oxygen delivery, serum lactate, anion gap, and arterial base deficit (BD). 6,8 -15 Of these, BD has been useful in guiding trauma resuscitation and identifying patients with increased transfusion requirements, prolonged intensive care unit stay, and increased risk of shockrelated complications. 6, 16, 17 Morbidity and mortality significantly increase with a BD Յ Ϫ6 in trauma patients. [17] [18] [19] We hypothesized that admission arterial BD can identify those blunt trauma patients who are transiently hypotensive in the field but normotensive on ED admission that are more prone to physiologic deterioration. The purpose of this article is to determine whether arterial BD can identify those who are at risk of "crumping." Specifically, does a BD Յ Ϫ6 portend a repeat bout of hypotension and its concomitant problems in this subset of blunt trauma patients?
METHODS
A retrospective chart review was performed on blunt trauma patients at Community Regional Medical Center (CRMC) in Fresno, CA, from August 2002 through July 2007. CRMC is a 550 bed, state designated, Level I trauma center in the center of California. Patients who were hypotensive in the field but normotensive upon arrival to the ED were included. Hypotension was defined as a systolic blood pressure (SBP) Յ90 mm Hg. Patients with continued hypotension upon arrival to the ED were excluded, as well as patients younger than 1 year. Age, gender, injury severe score, arterial blood gas analysis, results of adjunctive studies (FAST, CT), intravenous (IV) fluids, blood transfusions, the presence of repeat bouts of hypotension, and mortality were noted. Patients were stratified by admission BD Յ Ϫ6 or Ն Ϫ5. Statistical analysis was performed using paired t test, 2 , and logistic regression analysis with significance attributed to p Յ 0.05. Receiver operator curve (ROC) for BD was also used. This study was approved by the Institutional Review Board of Community Medical Centers and the University of California, San Francisco.
RESULTS
During the 5-year period, there were 9,973 trauma admissions, and 8,200 (82%) were from blunt mechanisms. Of these, 243 blunt trauma patients had hypotension in the field but were normotensive on admission to the ED, and 189 patients had admission BD data recorded.
Groups were stratified by serum base deficit: BD Յ Ϫ6 and BD Ն Ϫ5. There was no significant difference in age, field SBP, field Glasgow Coma Scale, ED Glasgow Coma Scale, or intensive care unit admission rate between the two groups (Table 1) . However, patients with a BD Յ Ϫ6 had a significantly greater Injury Severity Score, IV fluid, and blood transfusion volumes administered in the ED. The difference in admission blood pressure between the two groups, although significantly different statistically, was not clinically notable.
Patients with a BD Յ Ϫ6 were significantly more likely to have repeat hypotension, i.e., "crump," during resuscitation. Of the 31 patients with BD Յ Ϫ6 and repeat hypotension, 19 (61%) went emergently to the operating room. Seven of these patients had their repeat hypotension in the operating room (OR) while being prepared for surgery. Seventeen of the 19 patients required operative control of their hemorrhage: 10 laparotomies (with 1 concomitant thoracotomy), 1 sternotomy (for tamponade), 5 emergent orthopedic interventions, and 1 repair of a hemorrhagic scalp avulsion with a complex depressed skull fracture. The remaining two had emergent craniotomy as their primary operative procedure.
The overall mortality was 13% (24 of 189). Patients with repeat hypotension had significantly greater mortality (24% vs. 5%, p ϭ 0.0003; Table 2 ). Additionally, patients with BD Յ Ϫ6 had more than a 2 1 ⁄2-fold increase in mortality compared with those with BD Ն Ϫ5 (25% vs. 9%, p ϭ 0.01). Also, survivor length of stay, disposition to the operating room from the ED, and ventilator days were all significantly greater for the BD Յ Ϫ6 patients (Table 2) . Logistic regression analysis showed both repeat hypotension and BD Յ Ϫ6 as significant, independent factors contributing to mortality (odds ratio, 5.5; p Ͻ 0.01 and odds ratio, 3.2; p Ͻ 0.04, respectively). Figure 1 shows the ROC with regards to BD as a predictor for repeat hypotension. The area under the curve is 0.7. Table 3 shows the coordinates of that curve, with BD values ranging from Ϫ20.00 to ϩ20.00. Comparison of BD Յ Ϫ6 and BD Ն Ϫ5 with regards to repeat hypotension shows BD Յ Ϫ6 has a sensitivity and specificity of 41% and 92%, respectively. When BD Ն Ϫ5 is used as a cutoff, sensitivity is 45% and specificity decreases to 84%. This trend concurs with the data in Table 3 .
DISCUSSION
Prehospital hypotension (SBP Յ 90 mm Hg) in trauma patients has been used as a criterion for trauma team activation and life-saving interventions. 20, 21 Indeed, systemic hypotension may not occur until the degree of shock is profound 22 showed that correlation of ED SBP and severity of shock was poor. Mean SBP values did not decrease to Ͻ90 mm Hg until BD was worse than Ϫ20 mEq/L with a mortality exceeding 60%. Compensatory mechanisms can prevent a significant fall in blood pressure until up to 25% to 30% of blood volume is lost, especially in children. 14, 23 Children older than 1 year were included in our data since the average SBP is greater than 90 mm Hg starting at this age. 4, 24, 25 Also, admission BD has been shown to reflect injury severity and predict mortality in children. 26 Blunt trauma patients who are transiently hypotensive (hypotensive in the field but normotensive upon arrival to the ED) have a mortality of 16% 21 and pose a diagnostic dilemma. Not only can these patients have repeat hypotensive episodes at inopportune times (e.g., in the CT scanner), but repeat hypotension increases their mortality to 27%. 21 Posttraumatic hypotension can be a significant indicator of major injury requiring intervention. 2,3,19 -22,27-30 Although there have been studies challenging the standing protocol for trauma team activation for out-of-hospital hypotension, 31 the fact that patients who are transiently hypotensive in the field can indeed become hypotensive again in the ED gives credibility to the initial field evaluation by Emergency Medical Services personnel. Field hypotension is a valid criterion for trauma team activation and may even need to be expanded to prevent undertriage in the field. 32 The American College of Surgeons Committee on Trauma guidelines states that effective trauma systems should decrease undertriage because undertriage may result in preventable mortality or morbidity from delays in definitive care. 1 Several physiologic variables have been identified to be independent predictors of injury severity and the need for emergent intervention: altered mental status, altered respiratory status, and, of course, SBP Ͻ90 mm Hg. 1, 32 Preoperative time spent in the ED in patients with intra-abdominal hemorrhage adds to mortality. 33 Clarke et al. 33 showed that trauma patients who were hypotensive in the ED had increased mortality as time in the ED increased. In the case of patients with transient prehospital hypotension, waiting until these patients become hypotensive again in the ED puts both the patient and the trauma team at a dangerous disadvantage. Prevention of this predicament requires costly, overaggressive monitoring, overtriage and resuscitation or an objective identifier to sort out those patients at higher risk for acute physiologic deterioration (crumping). It is notable that of the 31 patients with BD Յ Ϫ6 with repeat hypotension, 19 (61%) had urgent operative intervention. Seven of these 19 patients (37%) had their repeat hypotensive episode while being prepared for surgery in the OR. None of these seven patients died.
Of the 40 patients with a BD Յ Ϫ6 and hypotension in the field, 7 had a positive FAST examination in the ED (Table  4) . The remainder had either a negative FAST or no FAST examination performed at all. One of the seven sonograms was false-positive with a subsequent negative abdominal CT. Of the remaining six, four went to the OR for definitive procedures related to the positive FAST, including sternotomy for positive pericardial fluid and subsequent tamponade. Two went to the intensive care unit with isolated liver lacerations (as well as severe traumatic brain injury). All seven of these patients had repeat hypotension.
This study has the limitation of a retrospective review. A possible area of debate is that prehospital blood pressures can be inaccurate. 21, 30, 34 All field blood pressures in our trauma system are performed manually, as are initial BP's in the ED. Manual blood pressure measurements have been shown to be more accurate than automated measurements in hypotensive trauma patients. 35 Two of the 19 repeat hypotensive patients with BD Յ Ϫ6 who went from the ED to the OR had craniotomy as their operative interventions. Both had emergent evacuation of subdural hematomas. Although these two patients had no hemorrhagic source of hypotension, isolated brain injury has been associated with posttraumatic hypotension. 36, 37 Twelve of the 31 repeat hypotensive patients who had a BD Յ Ϫ6 did not go immediately to the OR. Eight of the 12 had traumatic brain injury in addition to multisystem trauma. Four of 12 had liver lacerations. Most had pulmonary contusions, rib fractures as well as various orthopedic injuries. There were no interventional angioembolizations performed for pelvic or solid organ injuries in this group.
An area of concern is the effect of initial resuscitation fluids on serum BD. Brill et al. 38 demonstrated that iatrogenic, nonanion gap, hyperchloremic acidosis from crystalloid infusion can cause a secondary BD that does not predict mortality. This study, however, examined a mixture of surgical intensive care unit patients, not blunt trauma patients in the initial stages of resuscitation as our study does. Furthermore, a prospective, observational study by Sinert et al. 39 concluded that BD was able to distinguish minor from major injury after 4 hours of resuscitation, irrespective of the volume of normal saline infused.
Obviously, patients with transient field hypotension and a positive FAST can have solid organ injury that responds to resuscitation. Peitzman et al. demonstrated that nonoperative management of solid organ injuries can be successful in almost 90% of patients. However, attempts at nonoperative management in hemodynamically unstable patients can contribute to significant mortality. 40 Furthermore, up to 85% of severely injured trauma patients can still have evidence of ongoing, inadequate tissue perfusion despite normalization of pulse and blood pressure. 41 In addition, the use of a biochemical marker (e.g., BD) to monitor shock and resuscitation has been recommended as part of Clinical Practice Guideline: Endpoints of Resuscitation by Tisherman et al. 41 Again, BD Յ Ϫ6 seems to be an important indicator of major injury as demonstrated in previous studies. 16 -18,27,41,42 Using BD as a biochemical marker of potential hemodynamic instability in patients with a positive FAST and transient field hypotension is a logical extrapolation of previous studies by Pietzman, Rutherford, Davis, and others. 16 -18,27,40 -42 Although BD Յ Ϫ6 in this study was not very sensitive in its association with repeat bouts of hypotension, it was very specific (92%). It is noteworthy that 30% of the patients with transient field hypotension and BD Ն Ϫ5 still had repeat hypotension, and this concurs with the low sensitivity but high specificity of BD Յ Ϫ6 and its association with significant injury seen previously. 42 This study supports arterial BD Յ Ϫ6 as a useful "crump factor" in helping to discriminate which patients with transient hypotension are at risk for repeat hypotension and its associated complications. Patients with BD Յ Ϫ6 were more than 2 1 ⁄2 times more likely to have repeat hypotension during resuscitation. The prehospital hypotensive patients who developed repeat hypotension in the ED increased their mortality almost 5-fold. Our data support several current practices in the management of blunt trauma patients. First, prehospital hypotension merits trauma team activation. Blunt trauma patients with prehospital hypotension that are normotensive on arrival should have an arterial blood gas (ABG) with BD interpreted early upon admission to help identify those patients who are at risk for "crumping." Surgeons should strongly consider taking blunt trauma patients with prehospital hypotension, a BD Յ Ϫ6, and a positive FAST examination directly to the OR even if they are presently normotensive in the trauma bay. In addition, such patients with a BD Յ Ϫ6 should have a repeat FAST if the initial study was negative. Invasive monitoring such as an arterial line and a central venous line should be placed expeditiously in blunt trauma patients with prehospital hypotension and a serum BD Յ Ϫ6. Since these patients are at risk for repeat hypotension and its consequences, the ability to detect hypotension as soon as it occurs and intervene with both resuscitation and intervention is paramount.
